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FUEL CELL. VEHICLE 

Background o£ the Invention 

1. Field of the Invention 
5 The present invention relates to a fuel cell vehicle . 

More particularly, the present invention relates to a 
fuel cell vehicle in which a fuel cell can be protected 
from the intrusion of a member of a vehicle body in the 
event that a side or the vehicle body is deformed. 
10 2. Description of the Related Art 

Among automobiles, fuel cell vehicles are known in 
which electricity is generated by supplying hydrogen, 
which is a fuel gas, and oxygen, which is an oxidant gas, 
and in which generated electric power resulting from the 
15 electricity generation are used to drive a motor, which, 
in turn, drives the fuel cell vehicle. 

As such a. fuel cell, there exists, for example/ a 
fuel cell (a proton-exchange membrane fuel cell) 
constituted by stacking a number of fuel cells in each 
20 of which a membrane electrode assembly in which a solid 
polymer el ec t rolyt e membrane is held between an anode-side 
electrode and a cathode-side electrode is held, in turn, 
by a pair of separators. 

Incidentally, among such fuel cell vehicles, for 
25 example/ as is disclosed in JF-A-2 0 0 1 -1 19 8 1 5, there is 



known a fuel cell vehicle in which an impact detecting 
sensor such as a G sensor for detecting an impact: is 
provided on a fuel cell itself. In this fuel cell vehicle, 
the supply of hydrogen is stopped when an impact: is applied 
6 to the fuel cell in the event that the fuel cell vehicle 
is involved in a collision. 

The fuel cell vehicle that has been described above 
is superior in that the safety of the fuel cell that would 
be endangered by the impact applied thereto can be ensured. 
10 However, in the event that the fuel cell is deformed as 
a result of the deformation of a member of a vehicle body 
caused by a collision which generates no large impact 
or in the event that there occurs a collision that cannot 
be detected by the single acceleration sensor, there is 
15 caused a problem that such a collision cannot be detected. 

The fuel cell is normally stored in a fuel cell box 
for protection. However, attempting to increase the 
strength and rigidity of the fuel cell box in anticipation 
of the aforesaid deformation of the fuel cell or the box 
20 storing therein the fuel cell which results from the 
deformation of the member of the vehicle body which is 
accompanied by an impact which is not large causes a problem 
that the weight of the vehicle body is increased by the 
attempt to thereby oppositely deteriorate the fuel 
25 economy. 
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Summary of the Invent:! on 

An object of the present invention is to provide 
a fuel cell vehicle which can enable the detection of 
an intrusion of a member of the vehicle body at the time 
of collision while preventing an increase in weight of 
the vehicle body. 

In order to accomplish the obj ect above, the following 
means are adopted. According to a first aspect of the 
invention, there is provided a fuel cell vehicle driven 
by generated electric power of a fuel cell (for example, 
a fuel cell 3 in an embodiment), comprising a fuel cell 

i 

box disposed under a floor of the fuel cell vehicle (for 
example, a fuel cell box 4 in the embodiment) for storing 
the fuel cell, a deformation detecting sensor (for example, 
G sensors 6, 6, in the embodiment) for detecting a 
deformation of a vehicle body sideward of the fuel cell 
box, and a protection device {for example, a shut-off 
valve 15 in the embodiment) for implementing a 
predetermined protecting operation of the fuel cell when 
the deformation detecting sensor detects a predetermined 
amount of deformation of the vehicle body. 

According to the construction, in the event that 
even a relatively ©mall impact that could not be detected 
by a single acceleration sensor is applied toward a side 



of til© fuel cell box, if the predetermined amount of 
deformation of the vehicle body is detected by the 
deformation detecting sensor, the fuel cell is allowed 
to start taking a protecting action by the protecting 
5 device. 

According to a second aspect of the invention, there 
is provided a fuel cell vehicle wherein the deformation 
detecting sensor comprises a plurality of acceleration 
sensors (for example, g sensors 5, 6, 6 in the embodiment) , 

0 and wherein the vehicle body deformation amount is 
obtained based on a difference in travel of a vehicle 
body calculated from accelerations detected by the 
respective acceleration sensors. 

According to the construction, an intrusion amount 

5 of a member of the vehicle body into the fuel cell box 
can be detected from the di fference in travel of the vehicle 
body at the locations where the respective acceleration 
sensors are mounted by making effective use of the existing 
acceleration sensors • Furthermore, also when a 

:0 relatively large impact is applied, it is possible to 
take the predetermined protecting action by the 
acceleration sensors . 

According to a third aspect of the invention, there 
is provided a fuel cell vehicle wherein the deformation 

16 detecting sensor is a stroke sensor provided at a side 
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of the fuel cell box. 

According to the construction, an intrusion amount 
of a member of the vehicle body into the fuel cell box 
can be detected directly* 



Brief Description of the Drawings 

Fig. 1 is an explanatory side view of a vehicle 
according to an embodiment of the invention; 

Fig. 2 is an explanatory p,lan view of a main part 
in Fig, 1; 

Fig. 3 is a sectional view taken along the line A-A 
in Fig. 2; and 

Fig. 4 is a block diagram according to the embodiment 
of che invention. 



Detailed Description of the Invention 
An embodiment of the invention will be described 
based on the accompanying drawings. 

As shown in Fig, 1, a rear floor 2 is connected to 
the rear of a front floor (floor) 1 of a fuel cell vehicle 
in such a manner as to rise therefrom. A fuel cell box 
4 covers a proton-exchange membrane fuel cell 3 and 
unitized peripheral equipment thereof. The fuel cell box 
4 is disposed underneath the frpnt floor 1. AG sensor 
(as a deformation detecting sensor or an acceleration 



sensor) 5 is disposed at a location above a front portion 
of the fuel cell box 4. G sensors (as deformation 
detecting sensors or acceleration sensors) 6, 6 are 
disposed at locations above sides of the fuel cell box 
4. Here, the G sensor 5 disposed forward of the fuel cell 
3 is an existing acceleration sensor for detecting 
behaviors of the vehicle. The G sensors 6, 6 disposed 
at the locations sideward of the fuel cell box 4 are sensors 
that are additionally disposed according to the invention . 

As shown in Figs. 2, 3/ the front floor' 1 is formed 
such that a transversely central portion becomes flat 
whereas side portions gradually incline downwardly- 
Longitudinal ly running floor frames 7 , 8 which constitute 
the framework of a vehicle body are connected to a lower 
side of the flat portion of the front floor 1 along left 
and right outer sides thereof. In addition, right and 
left inside sills 9, 10 (only one inside sill is shown) 
are connected to side edges of the front floor I , 
respectively. Then, outside sills 9' , 10' (only one 
outside sill is shown) are joined to the inside sills 
9, 10, respectively, to thereby form side sills 90, 100 
(only one side sill is shown) which are part of the 
framework of the vehicle body - 

As shown in Fig. 4, the. fuel cell 3 generates 
electricity through a reaction of hydrogen gas (H2) 
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supplied from a hydrogen tank 11 via a supply side piping 
12 with oxygen in the air which is supplied from a 
compressor 13 such as a super charger (S/C) via a. supply 
side piping 14. Then, the fuel cell 3 supplies generated 
electric power to a driving motor, not shown, so as to 
drive the fuel cell vehicle. A shut-off valve 15 is 
interposed at a position along the supply side piping 
12 of the hydrogen tank 11, so that hydrogen gas flowing 
from the hydrogen tank 11 through the supply side piping 
12 can be shut off when stop of the operation of the fuel 
cell 3 is desired - Then, this shut -off valve is is 
connected to a controller (ECU) 16, and the G sensors 
5, 6, 6 are connected ro this controller 16. Note that 
reference numerals 12'/ 14' denote hydrogen and oxygen 
discharge side pipings, respectively. 

As shown in Figs, 2, 3, the fuel cell box 4 is such 
as to include a box main body 4a which stores therein 
a fuel cell unit which contains fuel cells and a lid 4b 
provided thereon- The box main body 4a is formed so as 
to rise convexly on an upper side thereof, and the lid 
4b is also formed so as to rise convexly in a corresponding 
fashion. Then, the box main body 4a and the lid 4b are 
fixed to each other by passing bolts 18 through bottom 
walls 7a, 8a of the floor frames 7, 8 from below to be 
screwed into nuts 19. 
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Here^ brackets 20 are joined between the left and 
right floor frames 1, 8 and the left and right inside 
sills 9, 10 at three locations on one side and hence six 
locations on both sides. The .bracket 20 has a flange 
> portion 20a which is constructed to be joined to the floor 
frame 7, 8, the inside sill- 9, 10 and the back side of 
the front floor 1. 

Then, as shown in Fig. 1 , the G sensor 5 is disposed 
inside a dashboard, and as shown in Fig. 3, the G sensor 
6 is attached to a transversely outwardly facing side 
of an attachment bracket 21 having an L-shaped cross 
section which is attached to an inclined part on each 
side of the front floor 1. 

According to the embodiment , when the vehicle 
collides sideways, the respective sensors 5, 6, 6 detect 
accelerations at the moment oft he collision- In the event 
that the accelerations so detected are larger than a 
predetermined value, since an impact generated by the 
collision is large,, a count erraeasures can be implemented 
by stopping the operation of the fuel cell 3 immediately 
after the collision. Even in the event that the 
accelerations so detected are smaller than the 
predetermined value, for example, in the event that the 
travel of a member on the side of the vehicle body is 
large/ an approach of the member of the vehicle body toward 
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the fuel cell 3 or the fuel cell box 4 can. be detected 
to thereby start to take a protecting action. 

In this embodiment, the two G sensors are used to 
constitute the deformation detecting sensors for 
detecting a deformation amount of the vehicle body. To 
be specific, a travel of the vehicle body in the vicinity 
of the G sensor 5 is calculated from an acceleration 
detected by the G sensor 5 provided substantially at the 
center of the vehicle using the following expression (1) . 
Further, a travel of the vehicle body in the vicinity 
of the G sensor 6 is estimated froia an acceleration detected 
by the G sensor 6 provided on the side of the vehicle 
using the following expression (2) . 

S=Jv (t) dt=F (vO-fG (t) dt) dt ... (1) 

S'=fv (t) dt-J (vO-jG' (t) dt) dt . • • (2) 
(where, S,S' denotes travel, vO initial speed, and G, 
G' acceleration (a detected value by the sensor) ) . 

Here, although the initial speed vO cannot be 
detected by the acceleration sensors, since the value 
of vO is substantially equal, a deformation amount of 
the vehicle body in the vicinity of the G sensor 6 can 
be detected by obtaining a difference (S' -S) between the 
estimated travels S' , S. 

Namely, when the accelerations detected by the 
respective G sensors 5, 6, 6 are integrated by time twice 
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to obtain travels a-t the locations where the G sensors 
are attached, for example, an inward travel of the left 
side sill 90 can be obtained from a difference in travels 
at the respective locations . Therefore, in the event that 
the travel so obtained equals to a distance between the 
side sill 90 and the side wall of the fuel cell box 4 r 
the fuel cell 3 is shifted to take the predetermined 
protecting action, thereby making it possible to prevent 
a damage to the fuel cell 3. 

To specifically describe the protecting action, a 
signal is sent from the controller 16 to the shut-off 
valve 15 to initiate a valve closing operation, whereby 
the shut-off valve 15 shuts off the supply side piping 
12 of the hydrogen tank 11 so as to stop the supply of 
hydrogen to the fuel cell 3. Furthermore , the operation 
of the compressor- 13 is stopped/ whereby the operation 
of the fuel cell 3 is stopped. 

As a result, even in the »event that the member of 
the vehicle body such as the side sill 90 (lOO) is deformed 
to thereby deform the fuel cell box 4 when the vehicle 
collides sideways/ the protecting action such as stopping 
the operation of the fuel cell 3 can be implemented by 
the G sensors 5, 6, 6 before the side sill 90 (100) reaches 
the fuel cell box 4. Furthermore, even in the event that 
a collision which is so small that no large impact can 
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be detected occurs, the fuel cell box 4 is prevented from 
being deformed by the deformation of the member of the 
vehicle body, thereby making it possible to protect the 
fuel cell 3* Consequently, troublesome operations can 
be eliminated which would otherwise have to occur 
frequently when all impacts including small collisions 
like this are made to be detected by the G sensors 5, 
6, 6 so that the operation of the fuel cell 3 is stopped 
every rime such impacts are detected, and the fuel cell 
3 can be shifted to take the predetermined protecting 
action in an ensured fashion- in addition, a drawback 
can be eliminated that the vehicle weight is increased 
by increasing the rigidity of the fuel cell box 4 more 
than required- 



while the existing G sensor 5 is used effectively for 
this purpose , the re qui red countermeasures can be provided 
at low costs . 

Note that the invention is not limited to the 
embodiment. While the invention has been described with 
respect to the case where the three G sensors are used, 
for example, stroke sensors may be used instead of the 
G sensors 6, 6 provided at the sides of the vehicle body 
to directly measure traveling strokes (travels) of the 



In addition. 



since only the G sensors 6, 6 are 



additionally pr ovi 



ded at the sides of the vehicle body 
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side sills 90, 100 or inner surfaces of the inside sills 
9/ 10. According to this construction, travels of the 
members of the vehicle body can be detected with greater 
accuracy. In addition, the invention can also be applied, 
to a fuel cell vehicle which installs therein a fuel cell 
other than the proton- exchange membrane fuel cell provided 
that the fuel cell can be equipped on board. 

As has been described heretofore, according no the 
first aspect of th® invention, in the event that even 
a relatively small impact that could not be detected by 
a single acceleration sensor is applied toward a side 
of the fuel cell box, if the predetermined amount of 
deformation of the vehicle body is detected by the 
deformation detecting sensor, the fuel cell is allowed 
to start taking a protecting action by the protecting 
device. Thus, there is provided an advantage that the 
fuel cell can be protected against a collision in which 
a large impact cannot be detected. 

According to the second aspect of the invention, 
an intrusion amount of the member of the vehicle body 
into the fuel cell box can be detected from the difference 
in travel of the vehicle body at the locations where the 
respective acceleration sensors are mounted by making 
effective use of the existing acceleration sensors . Thus, 
there can be provided an advantage that a countermeasures 
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can be taken at low costs by making use of the existing 
acceleration sensors. In addition, there can be provided 
an advantage that when a relatively large impact i s applied, 
the predetermined protecting action can also be taken 

5 by the acceleration sensors. 

According to the third aspect of the invention, an 
intrusion amount of the member of the vehicle body into 
the fuel cell box can be detected directly- Thus, there 
can be provided an advantage that a highly accurate 

0 detection can be implemented. 
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